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©  Bituminous  emulsions. 
@  An  HIPR  emulsion  of  bitumen  in  water  is  prepared  by  a 
method  which  comprises  directly  mixing  70  to  98%  by  vol- 
ume  of  bitumen  having  a  viscosity  in the  range  200 to  500,000 
mPa.s  at  the  mixing  temperature  with  30  to  2%  by  volume 
of  an  aqueous  solution  of  an  emulsifying  surfactant,  per- 
centages  being  expressed  as  percentages  by  volume  of  the 
total  mixture.  Mixing  is  effected  under  low  shear  conditions 
in  the  range  10  to  1,000  reciprocal  seconds  in  such  manner 
that  an  emulsion  is  formed  comprising  highly  distorted  bi- 
tumen  droplets  having  mean  droplet  diameters  in  the  range 
2  to  50  micron  separated  by  thin  films  of  water. 

The  emulsions  can  be  cut  back  to  provide  stable  emul- 
sions  of  lower  bitumen  content  which  are  useful  in  road- 
making  and  the  formation  of  protective  coatings. 



This  i nven t ion   r e l a t e s   to  a  method  for  the  p r e p a r a t i o n   o f  

emulsions  of  bitumen  in  water  and  more  p a r t i c u l a r l y   the  p r e p a r a t i o n   of  

high  i n t e r n a l   phase  r a t i o   (HIPR)  emuls ions   of  bitumen  in  w a t e r .  

Bitumen  is  a  h ighly   v i scous   m a t e r i a l   which  is  useful   in  r o a d -  

making  and  for  other   pu rposes .   Because  of  i t s   high  v i s c o s i t y   i t   i s  

d i f f i c u l t   to  use  in  the  cold  or  in  an  un t r ea t ed   cond i t i on .   One  method 

of  reducing  the  v i s c o s i t y   is  by  h e a t i n g   the  m a t e r i a l   and  using  i t  

hot.   Another  is  by  adding  a  l i g h t   pet roleum  d i s t i l l a t e   as  a  d i l u e n t .  

This  wi l l   th in   the  bitumen  and  a l low  i t s   a p p l i c a t i o n   at  l o w e r  

t empera tu re .   However,  the  d i s t i l l a t e   wi l l   subsequent ly   be  los t   by 

e v a p o r a t i o n   and  may  give  r i s e   to  env i ronmen ta l   problems.  A  t h i r d ,  

with  which  the  p resen t   i n v e n t i o n   is  concerned,   is  by  forming  an  
emulsion  of  bitumen  in  water .   Emuls ions   have  lower  v i s c o s i t i e s   t h a n  

the  s t a r t i n g   bitumen  and  can  be  used  at  lower  tempera tures   f o r  

spraying  or  mixing  p u r p o s e s .  

However,  the  d i s p e r s i o n   of  bi tumen  in  a  medium  of  much  l ower  

v i s c o s i t y   such  as  water  is  an  u n f a v o u r a b l e   process  on  hydrodynamic  

grounds.   This  r o b l e m   is  f u r t h e r   compl ica ted   by  the  d e s i r a b i l i t y   i n  

c e r t a i n   a p p l i c a t i o n s   to  u t i l i s e   emuls ions   con ta in ing   r e l a t i v e l y   h i g h  

bitumen  phase  volumes  wi thout   s a c r i f i c i n g   emulsion  f l u i d i t y .  

In  the  cas   of  a  system  compr i s ing   d i spe rsed   spheres  of  e q u a l  

s ize ,   the  maxium  i n t e r n a l   phase  volume  occupied  by  a  h e x a g o n a l l y  

c lose -packed   arrangement  is  ca  74%.  In  p r a c t i c e ,   however,  e m u l s i o n s  

are  r a r e ly   monodisperse  and  i t   is  t h e r e f o r e   poss ib le   to  i n c r e a s e   t h e  

packing  dens i ty   s l i g h t l y   beyond  74%  wi thout   causing  a p p r e c i a b l e  



d r o p l e t   d i s t o r t i o n .   At tempts   to  i n c r e a s e   f u r t h e r   the  i n t e r n a l   p h a s e  

volume  beyond  t h i s   second  leve l   r e s u l t s   in  g r e a t e r   d r o p l e t   d e f o r m a t i o n  

and,  because   of  the  l a r g e r   i n t e r f a c i a l   area  c r e a t e d ,   i n s t a b i l i t y  

a r i s e s ;   t h i s   c u l m i n a t e s   in  e i t h e r   phase  i n v e r s i o n   or  e m u l s i o n  

b r e a k i n g .   Under  e x c e p t i o n a l   c i r c u m s t a n c e s ,   i t   is   p o s s i b l e   to  c r e a t e  

d i s p e r s i o n s   c o n t a i n i n g   as  high  as  98X  d i s p e r s e   phase  volume  w i t h o u t  

i n v e r s i o n   or  b r e a k i n g .  

E m u l s i f i e d   systems  c o n t a i n i n g  7 0 %   i n t e r n a l   phase  are  known  a s  

HIPR  e m u l s i o n s .   HIPR  emuls ions   are  normal ly   p r e p a r e d   by  d i s p e r s i n g  

i n c r e a s i n g   amounts  of  the  d i spe rsed   phase  in to   the  con t inuous   phase  

u n t i l   the  i n t e r n a l   phase  volume  exceeds  70X.  C l e a r l y ,   for  very  h i g h  

i n t e r n a l   phase  volumes,   e .g .   above  80%,  the  sys tems  cannot  c o n t a i n  

d i s c r e t e   s p h e r i c a l   d i s p e r s e d   phase  d r o p l e t s ;   r a t h e r ,   they  w i l l   c o n s i s t  

of  h i g h l y   d i s t o r t e d   d r o p l e t s ,   separa ted   by  t h i n   aqueous  f i l m s .  

A  u s e f u l   s t a t e - o f - t h e   ar t   review  of  HIPR  emuls ion   t echnology   i s  

g iven   in  Canadian  P a t e n t   No  1 , 1 3 2 , 9 0 8 .  

We  have  now  d i s c o v e r e d   an  improved  method  fo r   the  p r e p a r a t i o n   o f  

HIPR  b i tumen  emuls ions   in  which  the  emulsions  are  d i r e c t l y   p r e p a r e d  

from  a  f e e d s t o c k   i n i t i a l l y   c o n t a i n i n g   a  high  volume  r a t i o   of  b i t umen  

to  wate r   us ing  low  energy  mixing  as  opposed  to  high  energy  d i s p e r s i n g .  

Accord ing   to  the  p r e s e n t   i n v e n t i o n   t h e r e   is  p rov ided   a  method  f o r  

the  p r e p a r a t i o n   of  an  HIPR  emulsion  of  bi tumen  in  water  which  method 

compr i s e s   d i r e c t l y   mixing  70  to  982,  p r e f e r a b l y   80  to  95X,  by  w e i g h t  

of  b i tumen  having  a  v i s c o s i t y   in  the  range  200  to  500,000,   p r e f e r a b l y  

1000  to  250 ,000 ,   mPa·s  at  the  mixing  t e m p e r a t u r e   with  30  to  2X, 

p r e f e r a b l y   20  to  5X,  by  weight  of  an  aqueous  s o l u t i o n   of  an 

e m u l s i f y i n g   s u r f a c t a n t ,   pe rcen tages   being  e x p r e s s e d   as  p e r c e n t a g e s   by 

we igh t   of  the  t o t a l   m ix tu re ;   mixing  being  e f f e c t e d   under  low  s h e a r  

c o n d i t i o n s   in  the  range  10  to  1,000,  p r e f e r a b l y   50  to  250,  r e c i p r o c a l  

seconds   in  such  manner  tha t   an  emulsion  is  formed  compris ing  d i s t o r t e d  

b i tumen  d r o p l e t s   having  mean  d rop le t   d i a m e t e r s   in  the  range  2  t o  

50  micron   s e p a r a t e d   by  th in   films  of  w a t e r .  

In  o rde r   to  p rov ide   bitumen  having  the  a p p r o p r i a t e  

c h a r a c t e r i s t i c s   i t   w i l l   usua l ly   be  neces sa ry   to  hea t   i t   to  a  

t e m p e r a t u r e   not   exceed ing   100°C. 



N e v e r t h e l e s s ,   t h i s   t e m p e r a t u r e   is  s i g n i f i c a n t l y   lower  than  t h a t  

to  which  bitumen  is  g e n e r a l l y   heated  in  the  manufac tu re   o f  

c o n v e n t i o n a l   bitumen  emul s ions .   Current  methods  for  producing  b i tumen  

emulsions  with  a  c a t i o n i c   s u r f a c t a n t   involve  e m u l s i f i c a t i o n   at  a 

t e m p e r a t u r e   in  the  range  120°  to  140°C  and  under  high  shear  c o n d i t i o n s  

(eg  in  a  c o l l o i d   mi l l )   in  order   to  a t t a i n   the  r e q u i r e d   d rop le t   s i z e .  

High  shear  mechanica l   d i s p e r s i n g   can  lead  to  the  f o r m a t i o n   o f  

p o l y d i s p e r s e   emulsions  having  some  r e l a t i v e l y   l a rge   s ize   p a r t i c l e s   o r  

mu l t i p l e   emuls ions ,   both  of  which  are  u n d e s i r a b l e   f e a t u r e s .  

Hard  bitumens  which  could  not  be  emuls i f i ed   by  c o n v e n t i o n a l  

methods  are  s u i t a b l e   for  e m u l s i f i c a t i o n   by  the  p r e s e n t   method.  Such 

bitumens  could  be  t r e a t e d   only  with  d i f f i c u l t y   in  the  past   because  o f  

the  e x c e s s i v e l y   high  t e m p e r a t u r e s   requi red   to  reduce  the  v i s c o s i t y   o f  

the  bitumen  to  a  l eve l   at  which  i t   could  be  worked .  

The  bitumen  and  water   may  be  mixed  using  equipment   known  to  be  

s u i t a b l e   for  mixing  v i scous   f l u i d s ,   see  HF  I rv ing  and  RL  Sax ton ,  

Mixing  Theory  and  P r a c t i c e   (Eds.  VW  Uhl  and  JB  Gray),   Vol  1 ,  

Chapter  8,  Academic  P r e s s ,   1966.  In  add i t ion   to  the  equ ipment  
d e s c r i b e d   above,  s t a t i c   mixers   may  also  be  u s e d .  

S u i t a b l y   the  s u r f a c t a n t   is  employed  in  amount  0.1  to  5X  by 

weight ,   based  on  the  t o t a l   weight   of  the  e m u l s i o n .  

S u i t a b l e   s u r f a c t a n t s   inc lude   anionic   s u r f a c t a n t s ,   mixtures   o f  

an ion ic   and  non - ion i c   s u r f a c t a n t s ,   c a t i o n i c   s u r f a c t a n t s   (which  a r e  

p r e f e r r e d )   and  mixtures   of  c a t i o n i c   and  non- ionic   s u r f a c t a n t s .  

Non- ion ic   s u r f a c t a n t s   i nc lude   e thoxy la ted   a l ky l   p h e n o l s ,  

e t h o x y l a t e d   a lcohols   and  e t h o x y l a t e d   so rb i t an   e s t e r s .  

C a t i o n i c   s u r f a c t a n t s   i nc lude   the  h y d r o c h l o r i d e s   of  f a t t y  

d iamines ,   i m i d a z o l i n e s ,   e t h o x y l a t e d   amines,  amido-amines  and 

q u a t e r n a r y   ammonium  compounds.  

Anionic  s u r f a c t a n t s   i nc lude   long  chain  c a r b o x y l i c   and  s u l p h o n i c  
a c i d s .  

By  the  method  of  the  p r e s e n t   inven t ion   i t   is  p o s s i b l e   to  p r e p a r e  
HIPR  emuls ions   having  h igher   con ten t s   of  bitumen  than  those  p r e v i o u s l y  

d i s c l o s e d .  

Thus  accord ing   to  a  f u r t h e r   f e a t u r e   of  the  p r e s e n t   i n v e n t i o n  



there   is  p r o v i d e d   an  HIPR  emulsion  of  b i tumen  in  water   con t a in ing   80 

to  98X,  p r e f e r a b l y   85  to  95X,  by  weight   of  b i tumen,   the  emuls ion  

compr i s ing   d i s t o r t e d   bitumen  d r o p l e t s   having  a  mean  p a r t i c l e   d i a m e t e r  

in  the  range  2  to  50  m i c r o n .  

The  HIPR  emuls ions   as  p repared   are   s t a b l e   and  can  be  d i l u t ed   w i t h  

aqueous  s u r f a c t a n t   s o l u t i o n   or  water   to  produce  s t a b l e   emulsions  of  

lower  b i tumen   phase  volume  showing  high  deg rees   of  m o n o d i s p e r s i t y .  

The  emu l s ions   may  be  d i l u t e d   to  a  r e q u i r e d   v i s c o s i t y   without   a d v e r s e l y  

a f f e c t i n g   s t a b i l i t y .   Because  the  narrow  s i ze   d i s t r i b u t i o n   i s  

m a i n t a i n e d   upon  d i l u t i o n   the  r e s u l t i n g   emulsion  shows  l i t t l e   t endency  

to  c r eaming .   This  in  turn  reduces  the  r i s k   of  phase  s e p a r a t i o n .  

The  e m u l s i o n s ,   p a r t i c u l a r l y   the  d i l u t e d   emuls ions   when  d i l u t e d  

with  a  s u r f a c t a n t   s o l u t i o n ,   are  s u i t a b l e   for  use  i n t e r   a l i a   in  road 

making  and  ma in tenance   and  paper  c o a t i n g s   and  metal  c o a t i n g s .  

The  i n v e n t i o n   is  i l l u s t r a t e d   wi th   r e f e r e n c e   to  the  f o l l o w i n g  

E x a m p l e s .  

Example  1 

A  90%  HIPR  emulsion  was  prepared   by  adding  a  90  g  sample  o f  

200  pen  g rade   Cyrus  bitumen  to  a  250  ml  beaker   c o n t a i n i n g   10  g  of  3.0% 

aqueous  n o n - i o n i c   s u r f a c t a n t   s o l u t i o n .   The  s u r f a c t a n t   was  an  a l k y l  

a romat i c   e t h o x y l a t e .   This  was  then  mixed  at  90°C  using  a  t w i n - b e a t e r  

hand-he ld   domes t i c   mixer  ope ra t ing   for  one  minute  at  1000  rpm  f o l l o w e d  

by  a  f u r t h e r   one  minute  period  at  1200  rpm  under  low  shear  c o n d i t i o n s  

(a  few  hundred   r e c i p r o c a l   s e c o n d s ) .  

During  the  mixing  process ,   f i lms   of  aqueous  s u r f a c t a n t   a r e  

s t r e t c h e d   out  and  folded  th roughout   the  bi tumen,   u l t i m a t e l y   leading  t o  

a  complex  f i l m   s t r u c t u r e .  

D i l u t i o n   of  the  HIPR  emulsion  with  a d d i t i o n a l   water  r e l eases   t h e  

bitumen  from  i t s   c o n s t r a i n i n g   framework  and  s p h e r i c a l   d r o p l e t s  

s e p a r a t e .  

Subsequen t   d i l u t i o n   of  t h i s   90%  bi tumen  emuls ion  with  1% 

s u r f a c t a n t   s o l u t i o n   at  90°C  enabled  the  f o rma t ion   of  emulsions  o f  

lower  b i tumen  c o n t e n t s ;   ie  70/30,  60/40  and  50/50.   Af ter   18  months 

s t o r a g e   at  room  t empe ra tu r e ,   these  d i l u t e d   emuls ions   showed  no  s i g n s  
of  c o a l e s c e n c e .  



Although  the  v i s c o s i t y   of  the  emuls ions   i n c r e a s e d   with  i n c r e a s i n g  

bitumen  c o n t e n t ,   i t   was  evident   that   even  at  room  t e m p e r a t u r e ,   the  70X 

bitumen  emuls ion   s t i l l   exh ib i t ed   a  r e a s o n a b l e   degree   of  f l u i d i t y   and 

would  t h e r e f o r e   be  s u i t a b l e   for  pumping.  F u r t h e r   d i l u t i o n   p e r m i t t e d  

m i c r o s c o p i c   examina t ion   of  the  emulsions  and  r e v e a l e d   a  good  degree  o f  

m o n o d i s p e r s i t y   and  a  mean  d rop le t   d iameter   of  a p p r o x i m a t e l y  

15  m i c r o n s .  

Examples  2-7 

F u r t h e r   emulsions  of  bitumen  in  water  were  p r epa red   by  t h e  

fo l lowing   t e c h n i q u e :  

0.8g  of  the  h y d r o c h l o r i d e   of  that   f a t t y   amine  sold  under  t h e  

Trade  Name  Dinoram-S  was  placed  in  a  500  ml  beake r ,   water  (27  ml )  

added  and  then  the  s o l u t i o n   warmed  to  40°-50°C  to  d i s s o l v e   t h e  

s u r f a c t a n t .   Bitumen  was  heated  to  90°C  and  240g  added  to  the  aqueous 

phase.   The  beaker  con t a in ing   the  bitumen  and  aqueous  phase  was  p l a c e d  

in  a  water  bath  at  90°C  for  5  minutes .   The  b i tumen  and  aqueous  phase  

were  then  mixed  for  30  seconds  using  a  domes t i c   mixer  to  give  a  90X 

emuls ion.   An  aqueous  s o l u t i o n   (76.5  ml)  c o n t a i n i n g   1%  by  w e i g h t  

e m u l s i f i e r   was  then  added  over  a  per iod  of  30  seconds   with  mixing  t o  

d i l u t e   the  emulsion  to  a  lower  bitumen  c o n t e n t .   Fo l lowing   d i l u t i o n ,  

mixing  was  con t inued   for  a  f u r t h e r   60  seconds  to  ensure   a  t h o r o u g h l y  

homogenised  p r o d u c t .  

The  s t o r a g e   s t a b i l i t y   of  the  emulsions  was  a s s e s s e d   by  a 

s u b j e c t i v e   procedure   comprising  a  v i s u a l   e x a m i n a t i o n   of  the  emuls ions  

a f t e r   1,  5,  24  and  48  hours .   Signs  of  i n s t a b i l i t y   were  i n d i c a t e d   by 

skin  fo rma t ion   and  agg lomera t ion   which  gave  a  g r a n u l a r   appearance  w i t h  

a  r e s u l t i n g   r e d u c t i o n   in  v i s c o s i t y .  

The  r e s u l t s   set  out  in  the  fo l lowing  Table   1  were  o b t a i n e d .  

Examples  8 -10  

S i m i l a r   p rocedures   were  employed  to  p r e p a r e   emuls ions   from  t h r e e  

bitumens  d e r i v e d   from  the  a tmospher ic   d i s t i l l a t i o n   of  two  Venezue lan  

crude  o i l s .  

The  s u r f a c t a n t s   used  were  as  f o l l o w s :  

Example  8  -  a  blend  of  sodium  o l e a t e   and  a  nonyl  pheno l  

e t h o x y l a t e  



Example  9  -   t ha t   sold  under  the  Trade  Name  Pouanida  B 

Example  1 0  -   the  hyd roch lo r ide   of  t ha t   sold  under  the  Trade  

Name  Duomeen  T.  

The  r e s u l t s   set   out  in  the  fo l lowing   Table  2  were  o b t a i n e d .  







1.  A method  for  the  p r e p a r a t i o n   of  an  HIPR  emulsion  of  bitumen  i n  

water  c h a r a c t e r i s e d   by  the  f ac t   tha t   the  method  comprises  d i r e c t l y  

mixing  70  to  98X  by  weight  of  bitumen  with  30  to  2X  by  weight  of  a n  

aqueous  s o l u t i o n   of  an  e m u l s i f y i n g   s u r f a c t a n t ,   pe rcen tages   b e i n g  

expressed  as  p e r c e n t a g e s   by  weight  of  the  t o t a l   mixture ;   the  b i t u m e n  

having  a  v i s c o s i t y   in  the  range  200  to  500,000  mPa.s  at  the  m i x i n g  

tempera ture   and  mixing  being  e f f e c t e d   under  low  shear  c o n d i t i o n s   i n  

the  range  10  to  1,000  r e c i p r o c a l   seconds  in  such  manner  tha t   a n  

emulsion  is  formed  compr is ing   d i s t o r t e d   bitumen  d r o p l e t s   having  mean 

d rop le t   d iameters   in  the  range  2  to  50  micron  separa ted   by  t h in   f i l m s  

of  w a t e r .  

2.  A  method  accord ing   to  claim  1  wherein  the  f eeds tock   compr ises   80% 

to  95%  by  weight  of  bitumen,  expressed   as  a  percen tage   by  weight   o f  

the  t o t a l   m i x t u r e .  

3.  A  method  accord ing   to  e i t h e r   of  the  preceding  claims  w h e r e i n  

mixing  is  e f f e c t e d   under  low  shear  cond i t i ons   in  the  range  50  t o  

250  r e c i p r o c a l   s e c o n d s .  

4.  A method  accord ing   to  any  of  the  preceding  claims  wherein   t h e  

bitumen  has  a  v i s c o s i t y   in  the  range  1000  to  250,000  m P a . s .  

5.  A method  according   to  any   of  the  preceding  claims  wherein  t h e  

s u r f a c t a n t   is  a  mixed  a n i o n i c / n o n - i o n i c   s u r f a c t a n t .  

6.  A method  accord ing   to  any  of  claims  1  to  4  wherein  the  s u r f a c t a n t  

is  a  c a t i on i c   s u r f a c t a n t .  

7.  A  method  for  the  p r o d u c t i o n   of  an  emulsion  of  bitumen  in  w a t e r  

c h a r a c t e r i s e d   by  the  fact   t ha t   a  HIPR  emulsion  of  bitumen  in  water   i s  

prepared  by  a  method  acco rd ing   to  any  of  the  preceding   c laims  and  

subsequent ly   d i l u t e d   with  an  aqueous  s o l u t i o n   of  a  s u r f a c t a n t .  



8.  An  HIPR  emuls ion  of  bitumen  i n  w a t e r   c h a r a c t e r i s e d   by  the  f a c t  

t ha t   i t   con t a in s   80%  to  98X  by  weight  bitumen,  the  emulsion  c o m p r i s i n g  

d i s t o r t e d   bitumen  d r o p l e t s   having  a  mean  p a r t i c l e   d iameter   in  t h e  

range  2  to  50  m i c r o n s .  

9.  An  HIPR  emulsion  accord ing   to  claim  8  c o n t a i n i n g   85%  to  95%  by  

weight   b i t u m e n .  
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